Three pictures of savanna ecology are used to draw attention to the explicit or implicit boundaries adopted by environmental and resource scientists and to the potential for researchers' accounts to be confounded by the dynamics of what is left outside the boundaries. A series of boundary shifts are introduced through four vignettes that concern environmental research and the management of resources. Researchers can shift from a conventional scientifi c focus on refi ning models or representations of complexity to see themselves simultaneously representing and engaging within that complexity. From a focus on product -established knowledge -ecological researchers can embrace process, continually reassessing their knowledge, plans, and action proposals. Science can be seen as science-in-context, so that researchers become more self-conscious about their engagement within the complexity of the social situations that make it possible to do their research. Regarding this last shift, there is a tension between, on one hand, taking seriously the creativity and capacity-building that seems to follow from well-facilitated participation of diverse people whose livelihood is directly dependent on the ecosystem, and, on the other hand, researchers'
Introduction
Günter Grass's 1959 novel, The Tin Drum , begins with its main character, Oskar declaring, "GRANTED: I AM an inmate of a mental hospital …" (Grass 1963) . Following this lead, let me make clear at the outset that I am writing from outside the boundaries of marine ecosystem management. Admittedly, I was a member of an EPA-funded "Marine Ecosystems Research Group" as a new graduate student. But I moved away from this project as I clarifi ed the direction of my own inquiries into ecological complexity . Indeed, my research career has seen me progressively positioning myself outside the boundaries of groups and fi elds with which I had been associated at an earlier time. These shifts of position sometimes leave me wondering if I am crazy -in the sense of talking about a reality not recognizable to others. Nevertheless, the invitation to contribute to this volume lured me in. In this chapter I to try to say something as an outsider that readers might translate to speak to their own concerns about marine ecosystem management. Let us see if my above-water examples and discussion -the drums I beat -resonate for others.
Boundaries
My inquiries into ecological complexity have built from a question that I shall phrase in general and thus necessarily abstract terms: how can ecologists and resource scientists account for order arising out of "unruly complexity?" That is, out of the complexity of situations that build up over time from heterogeneous components and are embedded within wider dynamics, and in which there is an ongoing restructuring (Taylor 2005 ) . The way we understand the world can change qualitatively as we shift our attention from uniform components to include the heterogeneous; from well-bounded dynamics to successive embeddings ; and from current arrangements and recognizable endpoints to historical background and ongoing changes.
Consider, for example, three perspectives of savanna ecology ( Fig. 8.1 ). The fi rst comes from an ecologist, Sharam: either an open grassland with almost no trees or as a dense woodland with many trees and less grass. They also noticed that transitions between these states were rapid and that it was diffi cult to maintain a mixture of the two states.
Description of the Multiple Stable States: Scientists describe savanna ecology as "Multiple Stable States," where there are two or more "States" that an area can live as. Each of those states supports and maintains itself and is thus "Stable." To be exact:
When a savanna has no trees (Grassland State), it grows massive amounts of grass which produces hot burns during the dry season. These fi res kill vulnerable tree seedlings and effectively exclude trees, thus maintaining the grassland as a grassland.
When a savanna has many trees (Woodland State), the trees use much of the water and sunlight before they can get to the grass. This reduces the amount of grass that can grow. The less grass there is, the fewer fi res that can burn. Thus, the adult trees are safe and many small trees can grow, maintaining the woodland as a woodland.
What causes savannas to switch between States:
The old answer to the question of what caused savannas to switch from a woodland to a grassland state was "Elephants!" Research in the Masai Mara Reserve in Kenya has shown that the two most important factors for Acacia woodlands are Fire and Elephants. Fire, at suffi cient frequency and temperature can remove trees from a woodland and push a savanna into a grassland state. Fire can then keep the grassland locked in a grassland state. Elephants can also keep a grassland locked as a grassland by eating any new tree seedlings that might grow. Elephants cannot, however, kill a large enough number of trees to push a woodland state into a grassland state.
A quite different perspective on savanna ecology emerges in Pearce's ( 2000 ) historical account of transformations that followed the entry of rinderpest virus into Ethiopia and from there into the rest of eastern and southern Africa in the 1880s.
Tsetse fl ies like lush, extensive vegetation where adults can deposit their larvae. Before rinderpest arrived, the cattle on the plains kept the tsetse in check by grazing the grass sward very close and preventing tree seedlings and shrubs from growing more than a few centimetres high. But without cattle and other grazing animals, the woody vegetation grows fast. "Within a season or two the pasture is transformed into woody grassland and shady thornbush thickets, creating ideal conditions for the spread of the tsetse fl y," says Reader [an historian] … After the rinderpest epidemic passed, wild animal populations rebounded much faster than the cattle, providing an animal host for the tsetse once more. The fl ies and the sleeping sickness they carried in turn kept humans and their cattle from returning to graze down the bush that was springing up. In a landscape suddenly highly conducive to the fl ies, tsetse spread fast … Today in much of eastern and southern Africa, there are two ecosystems, created and separated by people: areas where farmers and cattle herders reign and the bush and tsetse are tamed, and areas where the West's peculiar vision of "wild" Africa holds sway, and the bush runs wild and tsetse fl ourishes. The truth is that the real world before the arrival of colonists was more like the former than the latter.
To explain the dynamics of the savanna Pearce expands the boundaries of analysis, going as far back in history to the 1880s. The picture he paints can be complicated further by giving attention to the particularity of conditions, that is, to the heterogeneity in space and time of socio-environmental dynamics. Mara Goldman, a socio-environmental/ conservation biology researcher … should read more like -the truth was more complicated and involved a continual battle by the former (herders and farmers trying to tame 'the bush') and the latter (the bush) … There are a lot of ecological factors that keep 'nature' from maintaining any kind of stability in these areas … For one, while livestock herding, combined with burning does keep the bush at bay, overgrazing in certain areas can also lead to bush encroachment. And variations in rainfall can completely change the vegetation in a given area (especially if for instance there is a persistent drought, combined with grazing and elephants, or very high rainfall combined with lack of animals/people … She continues, in more detail:
[But when ecologists] talk about the current shift from woodlands to grassland as in fact a "natural" occurrence if we look at historywhich shows a system that shifts back and forth from woodland to grassland because of several interacting factors -yes fi rst there was rinderpest, combined with smallpox and drought, killing off a lot of the animals and the people, and then bush came in and created woodlands, then people came back and started farming, and herding, and burning, and the elephants (whose populations rose as people declined from the series of disasters) got pushed into the park as people began to return, and there was a skyrocketing of the wildebeest population both from a recovery of rinderpest, a creation of a vaccine for cattle (who kept transferring [rinderpest] to wildebeest), and an unusually high rainfall in the dry season in the 1970s. But the relationship is complex , and fl uctuating wildlife numbers also impact the environment. For instance, fi re and elephants can help push the woodland to grassland (even without people!), but a lot of wildebeest, who are grazers, and a good amount of rainfall so that elephants can graze (instead of browse), can remove enough of the undergrowth so that fi res won't spread as much and trees can come back.
The preceding exercise in boundary-expanding could continue, so as to include, say, the politics and practical considerations that someone like Mara Goldman faces when she works in the fi eld, in the turbulent cities where conservation and development NGOs are based, and back in the USA as she Of course, it would not be necessary to identify boundaries that can be crossed if it were not also the case that ecologists and environmental scientists can, and do, readily adopt explicit or implicit boundaries and study what is inside . This observation invites us examine the measures researchers have to take in order to make sense of what is within the boundaries they adopt. At the same time, we might want to draw attention to the potential for researchers' accounts to be confounded by what is left outside. This chapter does not advocate looking for a theory of everything, in which there are no boundaries, but acknowledges people's efforts to make boundaries work for them, then progressively brings more considerations in. Four complementary ways of thinking about and stretching researchers' boundary-making are presented. The theme of boundaries that can be crossed leads me to describe the four approaches as "frames" or "framings."
Funding and expertise
The fi rst frame within which we can think about researchers' boundary-making is an obvious one: boundaries are given by our funding and expertise -we do the best research we can under the terms of reference and deadlines set by the funding source and using the specifi c expertise we have. A common occupational hazard of working within this frame is the frustration of seeing the ways others constrain and use your research. Following is a personal example: In one of my early experiences of applied social-environmental research (in the late 1970s) we undertook detailed scientifi c analysis of an agricultural region in south-east Australia subject to salinization and economic decline. Projections of the economic and ecological future (which was my primary assignment) were straightforward as long as the model used to make the projections preserved the basic structure of the situation. When innovative possibilities, such as reforesting abandoned land, were considered, the analysis became diffi cult; it was left uncompleted even after a 3-month funding extension was secured. Moreover, the study was conducted at some distance -geographic and sociological -from those directly affected by the problems; the audience for the fi nal analyses was small and attention to the report short-lived. The government ministry that commissioned the research was unable to implement the policy change that they had hoped the study would support: increasing the price charged for irrigation water. The two or three person-years of research concerning the wider realm of agronomic, economic , environmental, and social factors appears to have left no mark on subsequent policy or research (see Taylor 2005 ).
Mapping science-in-practice
Ecologists and resource managers often complain about how their inquiries are channeled and their fi ndings used selectively or forgotten. After one or two frustrating experiences like the one mentioned above, we could decide to expand the boundaries of our inquiries and investigate the sociological dynamics that shape what is taken to count as scientifi c knowledge and what is discounted or ignored. Under this second frame, I examined retrospectively (in the late 1980s) what had happened in the agricultural salinization study as well as in a second project, which involved US researchers in the mid 1970s building computer models of nomadic pastoralists in drought-stricken sub-Saharan Africa. In both cases I traced diverse interconnections between the various so-called technical decisions of the scientists and the social considerations that infl uence how scientists perform the resulting tasks. This allowed me to assess what would have been entailed in practice to modify the knowledge generated by the projects.
The modeler in the US project on sub-Saharan Africa, as I interpreted his work, was dealing with a diverse set of considerations. These included, for example, the available computer compiler, published data, the short length of time both in the fi eld and for the project as a whole, the work relations within the research team, the relationship of the USA's efforts to other international involvement in the region, and the terms of reference set by the funding agency and its contradictory expectations of the project.
Practical considerations for the US modeler or for me as we helped to build scientifi c knowledge (based on the models ) involved commitments to certain actions; these actions implicated many other social agents and spanned social realms at local as well as much wider scales. In a variety of diverse and particular ways, we were imagining and engaging in social action at the same time as we were making knowledge about, or representing, the dynamics of the social and environmental situations being studied (Taylor 2005 ) . This means that, although the modeling work in both projects could have been modifi ed, such modifi cations would not have followed from a mere change of world-view on the part of the modelers. To employ this last insight proactively, I have conducted mapping workshops (starting in the late 1980s), which encourage participants to be more explicit and strategic about their efforts to modify the social context in which they conduct their research (Taylor 2005 ) . These workshops begin by asking researchers to focus on a key issue -a question , dispute, or action in which the researcher is strongly motivated to know more or act more effectively. They then identify connections , things that motivate, facilitate, or constrain their inquiry and action. The ultimate goal is to analyze the diverse resources mobilized, or mobilizable, by the researcher. However, in the interest of exploring the range of potential resources, participants are not expected to evaluate carefully the signifi cance of every connection before including it in their initial maps. Examples of things connected to the key issue might include theoretical themes, empirical regularities, methodological tactics, organisms, events, localities, agents, institutional facilities, disputes, and debated issues.
Each researcher then draws a map , a pictorial depiction employing conventions of size, spatial arrangement, and perhaps color that allow many connections to be viewed simultaneously. The metaphor of a map is not intended to connote a scaled-down representation of reality. Instead a map serves as a guide for further inquiry or action -to show possible pathways for further investigation. It is important that mapping be undertaken in a workshop setting so that each participant's thinking is exposed to questioning by other participants. The workshop interaction is intended to lead to participants clarifying and fi ltering the connections and, eventually, reorganizing their maps so as to indicate which connections represent actual signifi cant resources.
To illustrate this approach let me use one map drawn by a Finnish ecologist, who was studying carabid beetles in the leaf litter under trees ( Fig. 8.2 ; note that this map has been streamlined and redrawn on a computer for publication and cannot do justice to the real-time experience of an actual workshop). The central issue on this ecologist's map is very broad, namely, to understand the ecology of carabids in urban environments. Below this issue on the map many theoretical and methodological sub-problems are included, refl ecting the conventional emphasis in science of refi ning one's issue into specialized questions amenable to investigation. Above the central issue are various background considerations, larger and less specifi c issues, situations, and assumptions that either motivate work on the central issue or are related to securing support for the research. The ecologist's research alone would not transform the urban public into recognizing that "nature is everywhere -including in 9780521519816c08_p248-263.indd 255 9780521519816c08_p248-263.indd 255 10/12/2010 7:07:06 PM 10/12/2010 7:07:06 PM the cities," but by combining the upward and downward connections, he was reminding himself that work on the background issues, not simply refi ning a working research hypothesis, would be necessary to ensure continuation of his research.
In narrating some of the details of his map to the other workshop participants, the ecologist mentioned some additional history. Many of the ecologists with whom he collaborated had been studying forests, but the group lost their funding when the Forestry Department asserted that forest ecology was their exclusive domain. It did not matter that animals were barely considered in the forest ecology of the Department's forestry scientists. The ecologists with whom he was working self-consciously turned their attention to the interconnected patches of forest that extend almost to the center of Helsinki, exploring novel sources of funding and publicity, including a TV documentary. The upward connections were thus a recurrent, if not persistent, infl uence on the ecologist who presented the map in Fig. 8 .2 as he defi ned his specifi c research questions.
Organized multi-person collaborative processes
When we map the processes through which scientifi c knowledge is being made and highlight the heterogeneous resources involved in these processes, we are drawing attention to multiple points at which scientists can engage differently in scientifi c practice to modify its outcomes. Of course, examining the wider social dimensions of our research provides no guarantee of being able to change the available resources to our advantage as we seek to establish a certain scientifi c account of what is going on. (Indeed, as it turned out, the Finnish ecologist was not able to complete his study of urban carabid ecology .) Whether any specifi c modifi cations are practical options depends on the position and resources of the specifi c scientists as they enter into negotiations with other relevant social agents. A proactive form of paying attention to these negotiations is evident in the concern with collaboration that has become signifi cant in environmental planning and management since at least the 1990s (Margerum 2008 ) . When I began to make sense of collaboration in environmental research I made a list of the variety of things such collaboration can mean. I now fi nd it helpful to divide the list into two categories: the fi rst refl ecting the simple idea that collaboration aims for a sum of multiple parts; the second, the hope that something greater than the sum of those parts will emerge through their interaction ( Table 8 .1 ; Taylor et al . 2008 ).
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The greater-than-the-sum-of-the-parts objectives raise questions about the theory and practice of collaboration that need not be specifi c to environmental research: Why do well-facilitated group processes result in collaborators' investment in the product of the processes? How can collaborators (or facilitators of collaboration) ensure that knowledge generated is greater than any single collaborator or sum of collaborators came in with? How does a person become skilled and effective in contributing to such outcomes? There is, moreover, an obvious fl ip side to these questions. What can we learn from interdisciplinary workshops and collaborations that fail to generate new knowledge or investment in the product, and that do not enhance participants' ability to contribute to effective collaborations in the future? Many of us have seen time, energy, funds -as well as associated carbon footprint -poured into workshops in which the parts competed instead of adding together. The pressure for product can often contribute to a squelching process so that participants perpetuate familiar patterns of defending territory and speaking at cross-purposes; they head home without being enriched by perspectives and frameworks from other disciplines -and, in many cases, without any useful product emerging. The challenge is to move beyond grumbling about such frustrating experiences (which seem far from rare) and determine how to do better. In this spirit, we might expand the boundaries of our inquiries to include the generic questions in Table 8 .1 (Schuman 2006 , Taylor et al . 2008 ) together with specifi c issues 
Combining multiple perspectives
• When research is tied up with planning and management that involves meetings and networks of representatives of established and emerging stakeholder groups, research projects also need to integrate knowledge and questions from the different groups and kinds of research (Wondolleck and Yaffee 2000 , Margerum 2008 ).
• When researchers are concerned about social justice, they can shape their inquiries through on-going work with, and empowerment of, people whose lives stand to be most affected by some change in social policy or technological development, such as digging of deep wells for irrigation (Greenwood and Levin 1998) .
• When the knowledge and research skills of more than one person/specialty are needed, multidisciplinary research teams can be established.
• When the labor of research, especially in data collection, is beyond any research group, amateurs -citizen scientists 3 -can be sought as collaborators (Barrow 2000) .
• Workshops and other organized multi-person collaborative processes in environmental research can constitute a self-conscious example of the mobilization of heterogeneous resources by diverse agents spanning different realms of social action (Taylor 2005, 94ff;  see previous section).
Extending over time
• The nature of environmental complexity means that ongoing assessment (as against a one-time analysis) is needed, so an ongoing organization or group can be formed to conduct the assessment, as recognized in the fi eld of Adaptive Environmental Assessment and Management 4 (Gunderson et al . 1995) .
Spanning distance
• Researchers in separate projects and disparate locations can try to link their data into a larger picture using the tools of eco-informatics (Halpern et al . 2008 ).
B. Greater than the Sum of the Parts (i.e., outcomes over and above A.)
Generating new perspectives
• Knowledge and further research questions can be generated that the collaborators (individually or in sum) did not have when they came in (Olsen and Eoyang 2001 ).
Durable
• Guided by skilful facilitators, collaborators can become invested in the plans, policy, and ongoing collaborations that emerge from the research (Stanfi eld 2002).
Developing capacities
• Collaborators develop skills and dispositions for collaboration in various settings, as warranted by the rise of citizen participation and of new institutions of civil society (Burbidge 1997 , Taylor 2005 related to the particular organized multi-person collaborative processes any of us may be involved in.
Local versus translocal?
My experience working within the fi rst two frames and my thinking within the third frame led me, in the late 1990s, to pursue facilitation training at the Canadian Institute of Cultural Affairs (ICA). This training stimulated further thinking and inquiry regarding the underpinnings and limits of collaboration. The ICA's techniques have been developed through several decades of "facilitating a culture of participation" in community and institutional development in many countries. Their work anticipated and now exemplifi es the post-Cold War emphasis on a vigorous civil society, that is, of active institutions between the individual and the state and between the individual and the large corporation (Burbidge 1997 ) . The ICA planning workshops involve a neutral facilitator leading participants through four phases -practical vision, underlying obstacles, strategic directions, and action plans (Stanfi eld 2002) . Most importantly, the ICA workshops aim to elicit participation in a way that brings insights to the surface and ensures the full range of participants are invested in collaborating to bring the resulting plans or actions to fruition.
Such investment was evident, for example, after a community-wide planning process in the West Nipissing region of Ontario, 300 kilometers north of Toronto. In 1992, when the regional Economic Development Corporation (EDC) enlisted the ICA to facilitate this process, industry closings had increased the traditionally high unemployment to crisis levels. The EDC wanted specifi c plans, but it also sought signifi cant involvement from community residents . Twenty meetings with over 400 participants moved through the fi rst three phases -vision, obstacles, and directions. The results were synthesized by a steering committee into common statements of the vision, challenges, and strategic directions. A day-long workshop attended by 150 community residents was then held to identify specifi c projects and action plans, and to engage various groups in carrying out projects relevant to them. A follow-up evaluation fi ve years later found that it was not possible simply to check off plans that had been realized because the initial projects had spawned many others. Indeed, the EDC had been able to shift from the role of initiating projects to that of supporting them. It made more sense, therefore, to assemble the accomplishments under the headings listed in the original vision and strategy documents. Over 150 specifi c developments were cited, which demonstrated a stronger and more diversifi ed economic base, and a diminished dependence on provincial and national government social welfare programs. What is especially noteworthy about this example is that the community came to see itself as responsible for these initiatives and developments, eclipsing the initial catalytic role of the EDC-ICA planning process. The EDC saw beyond their catalytic role and came to appreciate the importance of the emergent process and initiated a new round of facilitated community planning in 1999 (West Nipissing Economic Development Corporation 1993 , 1999 . I faced some diffi cult questions when I contrasted this case with my early experience in applied social-environmental research (briefl y sketched earlier). Notice that the West Nipissing plan built from straightforward knowledge that the varied community members had expressed during the facilitated participatory process. Following the success the fi rst time around, the process was repeated, which presumably allowed people to factor in changes and contingencies (e.g., the impact of the North American Free Trade Association and the decline in the exchange rate with the USA). Most importantly, the process has led community members to become invested in carrying out their plans and to participate beyond the ICA-facilitated planning process in shaping their own future.
My own environmental research, in contrast, has drawn primarily on my skills in quantitative methods and not on interaction with the people directly affected by the environmental or resource issue in question. The question then: Is there a role under the participatory planning approach for researchers to insert the translocal into participatory planning, that is, to contribute analysis of changes that arise beyond the local region or at a larger scale than the local? For example, suppose that I had moved to the agricultural region we studied and participated directly in shaping its future. I would still have translocal knowledge about the government ministry's policy-making efforts, the data and models used in the economic analysis, and so on. Indeed, the local for researchers cannot be as place-based or fi xed as it would be for most community members. How, then, can we take seriously the creativity and capacity-building that seems to follow from well-facilitated participation, but not conclude that we, as professionals or specialists, have to go local and focus all our efforts on one place?
My refl ection on this question led me to coin the term "fl exible engagement." This is intended to capture a challenge concerning process, rather than content, for researchers in any situation in which knowledge, plans, and policy are being made. It involves the question: How can we connect quickly with others who are almost ready to foster -formally or otherwise -participatory processes and, through the experience such processes provide their participants, to contribute to enhancing the capacity of others to do likewise? The term plays off the fl exible specialization that arose during the 1980s, wherein transnational (Taylor et al . 2008 ) . Such questions became more pointed when I heard that, in late 2002, a major employer in the West Nipissing region, Weyerhaeuser, closed its containerboard plant. A local newspaper article (Haddow 2003 ) quoted a Weyerhaeuser spokesperson: "[T]he decision to close the facility is not a refl ection on the employees of Sturgeon Falls and their abilities and efforts … It was made for economic reasons beyond their control." The spokesperson went on to explain that "the company's preference would have been to keep all facilities running, but the market changes and current economic conditions forced their hand … If we as a company do not adapt, then we will not survive and none of our employees will have jobs." The community sprang into action and threatened lawsuits, but the plant closure was not reversed.
I hope to learn more about the community's response. While I was planning a research trip to the region, discussion with colleagues involved in regional economic development (with a focus on technology -centered experiences and promises) led me to modify my thinking about the local -trans-local contrast. The translocal side is not only about perspectives or knowledge, but can also encompass resources that could be brought to a locality or withdrawn and withheld from it. There is room to think about and to explain which aspect of the translocal comes into play -knowledge or resources; contributed or withheld -and how they interact with solidarities forged through working and living together in particular places (Taylor 2005 , pp. 210-213) . Focusing on the tensions between the local and the trans-local constitutes a fourth frame for acknowledging people's efforts to make boundaries work for them as well as the ever-present potential for their accounts to be confounded by what is left outside.
Conclusion
The vignettes from ecological research and the management of resources included in this chapter, and the accompanying discussion, point to a series of boundary shifts. From a conventional scientifi c focus on refi ning models or representations of complexity researchers can come to see themselves simultaneously representing and engaging within that complexity. From a focus on product -established knowledge -ecological researchers can embrace process, responding to developments -predicted and surprising alike -by continually reassessing their knowledge, plans, and action proposals. Science can be seen as science-in-context, so that researchers become more self-conscious about their engagement within the complexity of the social situations that make it possible (or diffi cult) to do their research. On this last point, I have highlighted the tension between, on one hand, taking seriously the creativity and capacity-building that seems to follow from well-facilitated participation of diverse people whose livelihood is directly dependent on the ecosystem, and, on the other hand, researchers' professional identities and abilities as people who can contribute analyses of changes that arise beyond the local region or at a larger scale than the local. This tension and these boundary shifts seem to me -although, granted, my work takes place on dry land -worth bringing to the surface in and beyond marine ecosystem management.
